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August 8, 1970 In the course of polishing up my forthcoming paper entitled "Quantal Theorem of Time-Energy ·Indeterminacy Relation", I have come across a note 1 > of Bunge who claims that the indeterminacy relation between time and energy, suggested by Bohr on the basis of a thought experiment, is shown not to belong to the quantum theory and further suggests that the formula .Jt· .JE:?.h/2 (1) be dropped altogether. His main reason is that unlike the genuine indeterminacy relationship
Eq. (1) has never been proved from first principles. In contrast to this the aim of the paper in preparation is to show that the scatter relation (1) is actually deducible from the principles of the quantum theory in conformity to the so-called metatheorem: 2 > The mathematical formalism of the quantum theory is capable of yielding its own interpretation.
The first principles of the quantum mechanics consist essentially of the canonical commutation relation [q,p] 
The latter relating time to energy enables us to write the transition amplitude in the form being exactly the same as Eq. (3):
where we have assumed HIE)=EIE), IIE)dE<EI=l and 'IJ'"(E),<rfiiE)<Eicp). The exponential factor exp (-itE/ h) plays the part of the transformation function and gives the same effect as assuming a fictitious commutation relation [E, t] =ih. We thus see the validity of Eq. (1) by adopting the following cc;mventions:
(Jt)2=<t2)-<t)2 and (JE)2=<E 2 )-<E) 2 .
Here time is a simple parameter (c-number) and its scatter is determined by 1J' " (t).
The quantity N-1 11J' " (t) 1 2 must be interpreted ~as the transition probability per unit time at the instant of time t, and N-1 11J' " (E) 1 2 as the transition probability per unit virtual energy. In particular the quantity d3qdtl<qlexp(-itHjh) lc/1)12 is proportional to the probability of a transition from a state lcp) to a 4-dimensional volume element around the space-time point (q, t).
If the final state 1¢) is identified with the initial state lcp), our 'IJ'"(t) describes a decay process. According to Fock and Krylov 3 > we shall make the simplest choice
which yields N=hj r, <E)=E0 and JE =F. From Eq. (4) follows
Hence <t)=O, <t 2 )=2(h/2F)2 and Jt =-./2(hj2F). We thus have a result Jt xJE= -J2(hj2) in concordance with Eq.
(1). Here it is undesirable that the mean lifetime <t) vanishes. This must be redefined as
0 -while all the above integrals extend from -oo to + oo. The modified mean standard deviation of time is given by (J1t) 2 =<t 2 ) -(<t)1) 2 = (h/2F) 2 and we have the scatter relation J 1t· JE=h/2. In the present modification J 1t is smaller than the original Jt, so that we can no longer guarantee an unrestricted validity of Eq. (1) . As will be shown in the full paper there are numerous examples where the product J1t X JE is smaller than h/2. In conclusion we have to note the following points. First, the indeterminacy relations (1) and (2) (1) , which now is a simple theorem deducible from one of the first principles. If one claims the contrary, then he must derive the Schrodinger equation or equivalently th~ Fourier analysis (4) on the basis of a thought experiment. Third and last: in the above discussions we are concerned only with virtual energy E and not interested in any actual measurement of energy. Hence it is false to plead that the origin of Eq. (1) can be traced back to the disturbance of a microsystem caused by the act of measurement.
At this point we meet with a question 4 > raised by Lande : Are we to accept a chain of reasoning which needs, for the justification of the quantal uncertainty relation (1), the gravitational redshift of general relativity? The answer must evidently be
